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ABSTRACT
Weprovidedchimpanzees(Pan troglodytes)withtheabilitytoimprovethequalityof
foodrewardstheyreceivedinadyadictestofinequity.Wewereinterestedtoseeifthis
provision inﬂuenced their responses and, if so, whether it was mediated by a social
partner’s outcomes. We tested eight dyads using an exchange paradigm in which,
depending on the condition, the chimpanzees were rewarded with either high-value
(a grape) or low-value (a piece of celery) food rewards for each completed exchange.
We included four conditions. In the ﬁrst, “DiVerent” condition, the subject received
diVerent, less-preferred, rewards than their partner for each exchange made (a test
of inequity). In the “Unavailable” condition, high-value rewards were shown, but
not given, to both chimpanzees prior to each exchange and the chimpanzees were
rewarded equally with low-value rewards (a test of individual contrast). The ﬁnal
twoconditionscreatedequity.IntheseHigh-valueandLow-value“Same”conditions
both chimpanzees received the same food rewards for each exchange. Within each
condition, the chimpanzees ﬁrst completed ten trials in the Baseline Phase, in which
the experimenter determined the rewards they received, and then ten trials in the
Test Phase. In the Test Phase, the chimpanzees could exchange tokens through the
apertureofasmallwoodenpictureframehungontheircagemeshinordertoreceive
the high-value reward. Thus, in the Test Phase, the chimpanzees were provided with
an opportunity to improve the quality of the rewards they received, either absolutely
or relative to what their partner received. The chimpanzees responded in a targeted
manner; inthe Test Phase theyattempted to maximize theirreturns in all conditions
in which they had received low-value rewards during the Baseline Phase. Thus, the
chimpanzees were apparently motivated to increase their reward regardless of their
partners’,but theyonlyused themechanismprovided whenit aVordedthe opportu-
nityforthemtoincreasetheirrewards.Wealsofoundevidencethatthechimpanzees’
responses were enhanced by social facilitation. Speciﬁcally, the chimpanzees were
more likely to exchange their tokens through the frame when their test partner also
didso,evenincircumstancesinwhichtheirrewardvaluecouldnotbeimproved.Our
paradigm provided the chimpanzees with the possibility to improve the quality of
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INTRODUCTION
Animals’ food choices cannot be evaluated in a vacuum; the selections they make are
under a number of social and environmental inﬂuences (Galef, 1996). While some foods
that animals choose to consume reﬂect nutritional requirements or those foods that are
availableintheirenvironment,socialpressures(e.g.,Murray,Eberly&Pusey,2006;Hopper
etal.,2011)andtaste(e.g.,Wrangham,Conklin-Brittain&Hunt,1998;Remis,2002;Remis,
2006) also impact food choices. Nonhuman primates’ foraging patterns are known to
be aVected by social inﬂuences that dictate when, where, and for what foods they forage
(e.g., Nishida, 1968; Alberts, Altmann & Wilson, 1996; Bates & Byrne, 2009). Additionally,
primates, and other animals, preferentially choose to eat foods that were previously
selected by social partners (e.g., van de Waal, Borgeaud & Whiten, 2013), even if it is not
their preferred food (Sherwin, Heyes & Nicol, 2002; Galef & Whiskin, 2008; Hopper et al.,
2011). This eVect of social facilitation is so strong that monkeys, at least, will consume
more if a social partner is eating in their presence, even if the partner is receiving a more
preferred food than is the subject (Dindo & de Waal, 2007). This is particularly interesting
given the propensity of some primate species to recognize, and respond to, inequitable
outcomes for completing a task (i.e., an unequal distribution of rewards, (Brosnan, 2011;
Price&Brosnan,2012)providereviews).
A potential underpinning of the recognition of inequity is the contrast eVect, whereby
an individual reacts negatively when an expected, and desired, item is replaced with a less
desirable one (Tinklepaugh, 1928). Frustration responses to individual contrast are shown
bybothhumansandnonhumananimals(Reynolds,1961;Friedan,Cuello&Kacelnik,2009;
Talbot et al., 2011). The key diVerence between a response to individual contrast and a
response to inequity is the form of the comparison; the latter requires social comparison
while the former does not require individuals to recognize others’ outcomes. A response
to individual contrast emerges when, for example, an individual refuses a poorer quality
reward oVered for completing a task after having been previously oVered a better reward
for completing the same task (Roma et al., 2006). In comparison, an inequity response
occurs if an individual refuses a poor-quality reward for completing the same task as their
partner,whoreceivedamoredesirablereward(reviewedinBrosnan,2013).
Typical tests of inequity with nonhuman primates include conditions which create
individual contrast and conditions of inequity to tease apart the relative impact of the
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respond to inequity when it results from unequal rewards given after the completion of
a task, rather than when rewards are provided to subjects for “free” (e.g., van Wolkenten,
Brosnan & de Waal, 2007). Such tests also include conditions in which the animals have to
work for their rewards (e.g., exchange a token with an experimenter) and compare their
responses to conditions in which they do not work (e.g., get the rewards for free; Talbot et
al., 2011). Indeed, this impact of “eVort” could explain why primates that dislike inequity
(Brosnan & de Waal, 2003) also eat more of a less preferred outcome when their partners
areprovidedbetterrewards(Dindo&deWaal,2007).
Given the potentially conﬂicting inﬂuences of social facilitation and inequity on the
selection of foods that primates choose to eat, we wanted to test primate food choices in a
testofinequity.Thus,wewishedtodetermineifprimatesattemptedtoimprovethequality
of food rewards that they could gain depending on the quality of rewards they received
in comparison to their partner’s. Chimpanzees (Pan troglodytes), a highly gregarious
nonhuman primate that live in large multi-male, multi-female groups maintained by
strong and complex social bonds, aYliations and hierarchies (Smuts et al., 1987; Mitani et
al., 2012), were selected as the subjects for this study. We tested chimpanzees because of
their tendency to attend to the actions and outcomes of their peers’ behavior (Hopper et
al., 2007; Hopper et al., 2008, but see Tennie, Call & Tomasello, 2012) and because they are
known to respond to social contingencies (Brosnan et al., 2010). Speciﬁcally, chimpanzees
appear to assess the quality of their food rewards in relation to those of social partners
(Horneretal.,2011)andtheysometimesrejectfoodoVeredtothemifitisoflesserquality
than food oVered to their peers (Brosnan et al., 2010, but see Br¨ auer, Call & Tomasello,
2009).Therefore,wepredictedthatchimpanzeeswouldlikelybesensitivetofoodsavailable
within their social environment and attempt to adjust the rewards available to them when
giventheopportunitytodoso.
We tested whether chimpanzees would attempt to increase their personal gain in a
typical token exchange test of inequity (c.f. Brosnan et al., 2010). Speciﬁcally, we provided
chimpanzees with the opportunity to exchange tokens through the aperture of small
wooden picture frames hung on their cage mesh and, if they took the time and care to
do so, they were rewarded with a more desirable food reward. If the chimpanzees took
advantageofthismechanismforobtainingamorepreferredreward,wewishedtoascertain
whether this response was to increase their rewards absolutely or relative to their partner’s
rewards,andalsowhethertheydidsopreferentiallywhendoingsowasa“tradeup”rather
than when they were already receiving the more preferred reward. We predicted that the
chimpanzees would (i) attempt to procure more desirable food rewards and (ii) engage
moreinthetaskwhenthisopportunitytoimprovetheirrewardswasprovided.
MATERIALS AND METHODS
Subjects and housing
We tested 16 captive chimpanzees (eight males, eight females), with an average age of
29.4 years (range: 17–50 years). All chimpanzees were socially housed at the Michale E.
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USA, and all had participated in previous comparable studies of social comparison, but
without the opportunity to change the rewards they were oVered (e.g., Brosnan et al.,
2010). UT MD Anderson is fully accredited by the Association for the Assessment and
Accreditation of Laboratory Animal Care-International and approval for the chimpanzee
study was gained from the Institutional Animal Care and Use Committee (IACUC
approvalnumber:07-92-03887)ofUTMDAnderson.
The chimpanzees were tested in eight unique pairs comprised of familiar cagemates
(three female–female pairs, three male-male pairs and two male–female pairs). Following
Brosnan et al. (2010), each test pair was unique so each chimpanzee was only tested with
one partner. All the chimpanzees voluntarily participated in the study. Each day, the
experimenter would call the chimpanzees into one of the indoor dens of their enclosure
andonly thoseanimalsthat chosetocomeinfor testingparticipatedthat day.Eachpair of
chimpanzees was tested in the same inside den of their enclosure so that they could easily
seetheactionsoftheirpartnerandwhatfoodrewardtheirpartnerreceived.Thus,subjects
weresittingnexttooneanother,notacrossfromoneanother.Duringtests,thesepairsdid
not have visual access to the rest of their group. Each test lasted no more than 25 min and
immediately after a test was completed, the chimpanzees returned to their social group.
At all other times, the chimpanzees had access to large, highly enriched indoor/outdoor
enclosures.Duringtestsessions(andatallothertimes),chimpanzeeshadad libitumaccess
towaterandprimatechow.Outsideoftestingperiods,thechimpanzeesalsoreceivedthree
mealsoffreshproduce(fruitandvegetables)daily.
Food preference testing
Prior to running any session, to determine food items for the high-value and low-value
rewards, we ran a series of dichotomous forced-choice tests with all of the chimpanzees.
For these, chimpanzees were individually oVered a choice between two food items. The
experimenter held a piece of each of the two foods, with one held in one hand, and the
other held in her other hand, and then presented her outstretched hands simultaneously
to the chimpanzee. Once the chimpanzee selected one (by reaching for it with either
his/her hand or mouth) s/he was given it to eat and the other food option was withdrawn.
In this way, the chimpanzees could only obtain one of the two oVered foods. This same
dichotomous choice was presented to the chimpanzees on 10 trials on one day and a
further 10 trials on a second day. For each trial, the side of each food presentation was
alternated to avoid food choices being conﬂated with side preferences. These tests were
run with every chimpanzee until one food was found to be consistently selected by all
16 chimpanzees over the other in at least 8 out of 10 trials on both days. Thus, we did
not exclude chimpanzees that did not prefer a particular food, but selected foods as a
reﬂection of the choices that the chimpanzees made. These tests determined that the
universal high-value reward was a grape (as has been used with these chimpanzees in
previoustestsofinequityandsociallearning,e.g.,Brosnanetal.,2010;Hopperetal.,2011).
The chimpanzees universally selected grapes over a grape-sized piece of celery, but were
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 4/19Table1 Theexperimentalconditions. In each condition, the chimpanzees were given a food reward for
each completed exchange. Depending on the condition these rewards were either of equal or diVerent
value to that oVered to their test partner. In the Unavailable condition only, prior to making an exchange,
the chimpanzees were shown a high-value reward, but upon completion of their exchange, they were
given a low-value reward. In the Test Phase, if the chimpanzees exchanged a token through the picture
frame then they would receive a high-value reward (a grape), irrespective of the condition. Thus, the
subjects had the ability, in the Test Phase, to gain a more preferred rewards in the DiVerent, Unavailable
and Low-value Same conditions. In the High-value Same condition, because the chimpanzees were
already receiving the high-value reward, exchanging tokens through the picture frame would not impact
the reward they would be given.
Condition Subject Partner
Shown Given Shown Given
DiVerent — Celery — GRAPE
Unavailable GRAPE Celery GRAPE Celery
Low-value Same — Celery — Celery
High-value Same — GRAPE — GRAPE
still willing to consume celery when grapes were not available, and so celery pieces were
thenassignedasthelow-valuereward.
Experimental design
The chimpanzees were tested in unique pairings in a series of four conditions (Table 1).
Within each test session, one chimpanzee acted as the ‘subject’ and one as the ‘partner’.
Chimpanzeesweretestedinbothrolesandweretestedtwiceineachroleineachcondition.
All conditions were administered in a counterbalanced manner. Following Brosnan et al.
(2010),ineachcondition,chimpanzeestookturnsexchangingaPVCtoken(apieceofpipe
thatwas20cmlongand5cmindiameter)withtheexperimenterandwererewardedwith
a piece of food for each completed exchange. All chimpanzees were already familiar with
exchangingtokenswithanexperimenterandsonotrainingforthiswasrequired.
Each experimental condition had two Phases (Baseline and Test) that were run
consecutively. In the Baseline Phase, starting with the partner, the two chimpanzees took
turns exchanging for 20 total trials (10 exchanges per chimpanzee). Depending on the
condition, for every completed exchange, the subject either received the same reward or
a diVerent reward as compared to their test partner (Table 1). The foods were classed as
either more preferred, high-value rewards (a grape) or less-preferred, low-value rewards
(a piece of celery). After each chimpanzee had been given the opportunity to make ten
exchanges, they were then tested in the Test Phase. In the Test Phase, the subjects could
improvethequalityoftherewardsgiventothem.Toenablethis,twosmallwoodenpicture
frames were hung on the chimpanzees’ cage mesh at the beginning of this Phase (Fig. 1).
If the chimpanzee exchanged his/her token through one of the picture frames, s/he would
thenreceivethehigh-valuefoodreward(agrape)forcompletingtheexchange,irrespective
of the experimental condition. Prior to testing, the chimpanzees had all completed
‘Picture Frame Pre-exposure Sessions’, through which they had learned the contingency
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 5/19Figure 1 Exchanging tokens through the picture frames in the Test Phase. Stills from video footage of the Test Phase showing the Subject
chimpanzee returning his token through his picture frame. As shown, to avoid cuing the chimpanzees’ responses, the experimenter only reached for
the token when the chimpanzee had pushed 50% of the token through the picture frame. Note, although there is a central support bar in the middle
of the mesh, the chimpanzees are in the same enclosure and have full visual access to both food rewards outside the cage and also to the actions of
their test partner.
of exchanging a token through a picture frame (procedure described below). The Test
Phase thus allowed us to examine whether the chimpanzees only chose to exchange for
grapes in certain conditions (e.g., in response to inequity) or whether they universally
attemptedtoobtainthebestrewardpossible.
Experimental conditions
The DiVerent condition – in which the subject always received a less-preferred reward
thantheirpartner–createdinequity,whiletheLow-valueSamecondition–inwhichboth
chimpanzees received the same low-value reward for every exchange – tested whether the
chimpanzees’ responses were simply dictated by receiving a low-value reward, regardless
of what their partner received. In the Unavailable condition, before each chimpanzee
was oVered a token to exchange, the experimenter ﬁrst showed them a grape in order
to highlight these high-value rewards in the environment but, after the chimpanzee
exchanged, they were oVered a piece of celery. This condition controlled for inﬂuences of
individual contrast, which may also explain the chimpanzees’ responses in the DiVerent
condition (i.e., to determine whether there was a social component to any reward
comparisons they made). Finally, in the High-value Same condition, both chimpanzees
received grapes for each exchange. Therefore, in the Test Phase of this condition, the
chimpanzees could not increase the quality of the reward they could receive; they were
alreadyreceivingthemaximumqualityreward(agrape)foreachexchange.Thiscondition
tested whether the chimpanzees exchanged tokens through the picture frame in a targeted
manner,inordertomaximizetheirrewards(eitherinrelationtotheirpartner’srewardsor
to their own), or whether they did so whenever the picture frame was hung on their cage
at the beginning of the Test Phase regardless of the condition (and what rewards they, and
theirpartner,receivedintheBaselinePhase).
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Priortobeingtestedintheexperimentalconditions,eachchimpanzeeexperiencedaseries
ofpre-trainingtrialstoprovidethemwiththecausalinformationaboutthepictureframes.
These picture frames were the mechanism the chimpanzees could use in the Test Phase
to improve the quality of the rewards they received. For these pre-exposure sessions, the
chimpanzees were tested individually, rather than in a pair, and each chimpanzee received
ﬁvesessions,eachrunonseparatedays.
For the ﬁrst pre-exposure session, the chimpanzees had to make ten exchanges with
the experimenter (Baseline Phase) and for every completed exchange, they were oVered
a piece of celery (the low-value reward). Once they completed this, a picture frame was
hung on the cage mesh. The picture frame was wooden and the inside aperture of the
frame was 10 cm2, such that it perfectly framed one hole of the cage mesh; in this way,
the picture frame ‘highlighted’ a particular hole through which the chimpanzees could
exchange a token (Fig. 1). The chimpanzees were then given the opportunity to make 10
more exchanges (Test Phase). In this ﬁrst session, the chimpanzees were not trained, nor
encouraged,toexchangethetokenthroughthepictureframe.Thiswasdonetodetermine
whether the chimpanzees would spontaneously exchange a token through the picture
frame;beinganovelobject,thechimpanzeesmayhavebeeninterestedtoexploretheframe
purely because of itsnovelty. Ifthe chimpanzee spontaneously exchanged atoken through
the picture frame they would have received a grape, but otherwise they would continue to
receiveapieceofceleryforeachexchange.
Of the 16 chimpanzees tested, only three spontaneously used the frame in their ﬁrst
pre-exposure session. Of these three, one female exchanged the token through the picture
frame only once (despite having received a grape, she never repeated the behavior), while,
ofthetwomalesthatusedthepictureframe,oneexchangedthetokenthroughthepicture
frameforallofthe10possibletrialsandtheotherusedthepictureframeforﬁvetrialsafter
trying out this new technique on his sixth attempt (i.e., after discovering the properties of
thepictureframe,heexchangedallhistokensthroughittogetthehigh-valuereward).
All 16 chimpanzees were tested in four more pre-exposure trials which included 10
exchangesinaBaselinePhasefollowedby10exchangesinaTestPhaseasdescribedabove.
For the second pre-exposure trial, the chimpanzees received a grape for every exchange
(High-valueSameconditionrewardschedule),regardlessofwhethertheyexchangedtheir
tokenthroughthepictureframeornotintheTestPhase.Inthethirdpre-exposuresession
the chimpanzees were rewarded with a piece of celery for every exchange in the Baseline
Phase and thus, in the Test Phase, were again exposed to the signiﬁcance of the picture
frame. Again, we did not want to train the chimpanzees to exchange tokens through the
frame, as we did not want exchanging through the picture frames to become a ‘learned
trick’thatthechimpanzeesdidoncuesimplywhenevertheysawthepictureframe.Rather,
the experimenter ‘showed’ the chimpanzee how to use the picture frame by holding her
handatthebottomoftheaperturecreatedbythepictureframesothat,asthechimpanzee
returnedthetokentoherhand,itdidsobyreturningthetokenthroughthepictureframe.
This procedure was repeated until the chimpanzee spontaneously exchanged their token
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celery for each exchange made through the picture frame. Other than this conditioning,
no overt training technique or secondary reinforcer (“bridge”, e.g., a clicker) was used.
For the fourth pre-exposure session, as for the second session, the chimpanzees received
a grape for every exchange in both the Baseline and Test Phases. This session was run to
demonstratetothechimpanzeesthat,iftheyusedthepictureframeinaconditioninwhich
they were already receiving a grape for each exchange, their reward value stayed constant
(i.e., they received the high value reward whether they exchanged the token through the
pictureframeornot).
Theﬁnal,ﬁfth,sessionagainfollowedtheLow-valueSamerewardschedulebut,inthis,
the experimenter placed her hands on her knees after the chimpanzee took the token so
as not to actively cue the chimpanzee to exchange their token through the picture frame
in the Test Phase. Thus for this session the chimpanzees made 10 exchanges for which
they received a piece of celery (Baseline Phase), the picture frame was hung on their cage
mesh,andtheycouldthenmakeafurther10exchangesforwhichtheycouldimprovetheir
rewardsbyexchangingthroughthepictureframe(TestPhase).
We determined that a chimpanzee understood the contingency of exchanging a token
through the picture frame if they did so for a minimum of 8=10 exchanges in this ﬁfth
pre-exposure session. All 16 chimpanzees understood this contingency; 10 made 100%
of their exchanges through the picture frame in this ﬁfth session, three exchanged 9
tokens through the picture frame, and three exchanged 8 tokens through the picture
frame. There was no diVerence in the responses shown by males or females. Given the
chimpanzees’ responses in this ﬁfth pre-exposure session, we considered that all 16
chimpanzees recognized the properties of the picture frame. After both chimpanzees in
atest-paircompletedallﬁvepre-exposuresessions,andwereconsideredtounderstandthe
contingency of exchanging through the picture frame, they commenced with the testing
schedule for the experimental conditions. As all pre-exposure sessions were conducted
on consecutive days through the week starting on Monday, there was always a two-day
break between the ﬁnal pre-exposure session (Friday) and the ﬁrst experimental session
(Monday).
Procedure
For every experimental test session, the pairs of chimpanzees were called in to one of
their inside dens of their home cage by the experimenter. These inside dens were part
of their typical housing, and thus were a familiar area for the chimpanzees. Only those
chimpanzees that came in voluntarily were tested, but because of the chimpanzees’
familiaritywiththeexperimenter,andtheirpositiverelationshipwithher,thechimpanzees
chose to participate in testing on an almost daily basis. If a chimpanzee did not come
in, the experimenter tried again the next day. No pair was ever tested more than once a
day and there was never more than a three-day period between test sessions (no testing
occurredovertheweekend).Aftercallingbothchimpanzeesintotheinsidetestingden,the
experimenterplacedtwofoodcontainersontheﬂoordirectlyinfrontofthechimpanzees.
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easilybeseenbythechimpanzeesandbothfoodrewardswereondisplayinallconditions.
The positioning of these containers was counterbalanced across conditions so that neither
theirpresence,northeirrelativeposition,wouldcuethechimpanzees’responses.
In all four conditions, the chimpanzees were tested ﬁrst in the Baseline Phase and
then in the Test Phase to ﬁrst expose them to the quality of rewards that both the subject
and partner received (Baseline Phase) and then to test how the Subjects responded
when given the opportunity to change the quality of rewards they received (Test Phase).
After completing the 20 trials in the Baseline Phase (10 exchanges per chimpanzees),
the chimpanzees were immediately tested in the Test Phase. For the Test Phase, the
experimenterproducedtwopreviously-hiddenwoodenpictureframesandattachedthem
to the chimpanzees’ caging (Fig. 1). There was no temporal gap between the two Phases,
apart from the time it took for the experimenter to quickly hang the two picture frames
on the caging (they could be hung easily and quickly with double-ended spring clips).
Twopictureframeswerehungonthemeshsothatonechimpanzeecouldnotmonopolize
access to a single frame. The distance between the two picture frames when they were
hanging on the cage front was roughly 1.5 m. In the Test Phase, if either chimpanzee
exchangedtheirtokenthroughoneofthepictureframes,theywouldreceivethehigh-value
food reward (a grape) irrespective of the condition. Exchanging the tokens in this manner
would require some cognitive eVort on the part of the chimpanzees (in order to select
a speciﬁc hole through which to exchange tokens) but would not have required any
additional physical eVort as the action of exchanging a token was the same. In the Test
Phase, as in the Baseline Phase, the chimpanzees took turns to each make ten exchanges
withtheexperimenter(20trialsintotal).
InbothPhases,BaselineandTest,theexperimenterstartedwiththepartnerchimpanzee
and alternated between the two, oVering a token and then giving them a reward if they
exchanged. Every time the experimenter oVered a chimpanzee their food reward, she held
it up in front of both chimpanzees so that both could see the reward. Speciﬁc to the Test
Phase, the experimenter squatted down in between the two picture frames and so was
central to the cage front. For every exchange, the experimenter oVered the chimpanzee
the token directly in between the two picture frames so as not to cue the chimpanzee to
exchangeinaparticularlocation.Furthermore,themomentthatthechimpanzeetookthe
token from the experimenter, the experimenter laid her hands on her knees. In this way,
shewasnot“asking”forthetokenanddidnotshowthechimpanzeewhereonthecagethe
token “should” be exchanged. As soon as the chimpanzee had pushed more than 50% of
the token back through the cage (either through the picture frame or another hole in the
mesh)theexperimenterthenreachedupandtookthetoken(Fig.1).
Coding and analysis
For every completed exchange, the chimpanzee was oVered a food reward. If the
chimpanzees failed to exchange the token or did not accept the reward oVered to them,
this was classed as a “refusal”. A chimpanzee could refuse to accept the token within 10 s
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refusals.Food-rewardrefusalsweresimilar;theywerecodedwhenananimaldidnotaccept
the food item within 10 s, took the food item but did not eat it within 30 s, or took the
foodbutthenpusheditbackoutsidetheircageuneaten.Theexperimenterrecordedevery
response that the chimpanzees made (exchanges and refusals) in real-time during the
experiment. The experimenter also recorded the latency for the chimpanzee to exchange
thetokenbacktotheexperimenter(notethatanyexchangesinexcessof30swereclassedas
refusals).Alltestsessionswerevideo-taped.
Generalized Linear Mixed Models (GLMM) were used to compare the responses of the
chimpanzeesacrossconditions,inwhich“pair”wasaﬁxedeVect.TherewasnoeVectofthe
pair in which chimpanzees were tested on the proportion of exchanges made through the
picture frames in the Test Phase (t D  0:24, df D 14, P D 0:811). The same was also true
(i.e., that there was no eVect of ‘pair’) when considering the number of refused exchanges
in either the Baseline Phase (t D 1:81; df D 14, P D 0:257) or the Test Phase (t D 1:04,
df D 14, P D 0:318). To determine whether the chimpanzees’ behavior varied between
conditions and Phases, we conducted nonparametric Wilcoxon signed-ranks tests for
related samples, and to compare the responses of male and female chimpanzees, we used
a Mann Whitney U test for unrelated samples. As multiple pair-wise comparisons were
conducted, to account for familywise errors, we applied a Holm’s sequential Bonferroni
method (Holm, 1979). All analyses were conducted in SPSS 20 (IBM) and HLM7 Student
(Scientiﬁc Software International). Graphs were produced in R (R Core Team, 2012) using
ggplot2(Wickham,2009).Alltestsweretwo-tailed.
RESULTS
Did attempts to get high-value rewards vary by condition?
IntheTestPhase,chimpanzeescouldobtainahigh-valuerewardiftheyexchangedatoken
through the picture frame. There was a signiﬁcant diVerence in the proportion of trials in
which the chimpanzees exchanged tokens through the picture frame across conditions in
this Test Phase (GLMM Estimate of Fixed EVects: t D  4:89, df D 56, P < 0:001, Fig. 2).
In conditions in which the chimpanzees received a less-preferred reward (irrespective of
what their partner received), they took advantage of the opportunity provided to them
(the picture frames), exchanging through the picture frame signiﬁcantly less often in the
High-valueSameconditionthanintheDiVerent(Wilcoxon’ssigned-rankstest,TC D 9:5,
N D 32, P < 0:001), Unavailable (TC D 373:5, N D 30, P < 0:001), and Low-value Same
(TC D 485:5,N D 32,P < 0:001)conditions.
Considering the DiVerent condition, chimpanzees were more likely to use the picture
frameintheTestPhasewhentheywerethesubject(andcouldimprovetheirrewards)than
whentheywere testedasthepartner(andalready receivedhigh-valuerewards:Wilcoxon’s
signed-ranks test, TC D 319:0, N D 32, P < 0:001). Intriguingly, despite receiving the
high-value reward for all exchanges in the Baseline Phase, in the Test Phase subjects used
the picture frame more in the DiVerent condition than in the High-value Same condition
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 10/19Figure2 ProportionofexchangesthroughthepictureframesintheTestPhase. The proportion of the
chimpanzees’ exchanges in which the chimpanzees returned the token through the picture frame in the
Test Phase in each of the four conditions (when tested as the subject) in order to obtain the high-value
reward(agrape).AlsoshownaretheresponsesofthechimpanzeesintheDiVerentconditionwhentested
in the role of the partner (for which, like subject chimpanzees in the High-value Same condition, they
received a high-value grape regardless of whether they exchanged their tokens directly through the mesh,
or through the picture frame, Table 1).
(TC D 55:5, N D 32, P D 0:021, Fig. 2), most likely induced by social facilitation arising
fromthemseeingtheirtestpartnerexchangingtokensthroughthepictureframe.
Refusals: the baseline and test phases compared
There was a signiﬁcant diVerence in the number of refusals made by chimpanzees across
conditions in the Baseline Phase (GLMM Estimate of Fixed EVects: t D  4:69, df D 56,
P < 0:001), but there was no such diVerence in the Test Phase (t D  1:41, df D 56,
P D 0:164).
In those conditions in which the subject received less-preferred rewards in the Baseline
Phase(irrespectiveofwhattheirpartnerreceived),theyrefusedlessintheTestPhasewhen
they were aVorded the opportunity to obtain high-value rewards (Fig. 3). This was true in
the DiVerent condition (Wilcoxon’s signed-ranks test, TC D 7:0, N D 32, P < 0:001), the
Unavailablecondition(TC D 8:0,N D 32,P D 0:001),andtheLow-valueSamecondition
(TC D 12:5,N D 32,P < 0:001). Subjects showed no diVerence in the number of refusals
they made in the High-value Same condition in the Baseline Phase compared to the Test
Phase(TC D 140:5,N D 32,P D 0:939).
When tested in the role of the partner in the DiVerent condition the chimpanzees
received a high-value reward for every exchange. This reﬂected the reward pay-outs for
chimpanzees tested as the subject in the High-value Same condition. In neither situation
should the chimpanzees exchange tokens through the picture frame in the Test Phase as
they were already being given the maximum value reward for each exchange. To conﬁrm
this, we compared the responses of chimpanzees in the role of the partner in the DiVerent
condition when in the Baseline Phase compared to the Test Phase. We determined no
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 11/19Figure 3 Proportion of Refusals. The proportion of trials in which chimpanzees refused: either to
exchange or to eat the oVered reward. Black bars show the chimpanzees’ responses in the Baseline Phase
when they had no opportunity to improve their rewards and gray bars show their responses in the Test
Phasewhentheycouldobtainahigh-valuegrapeiftheyexchangedtheirtokenthroughthepictureframe.
Also shown are the responses by the chimpanzees when tested in the role of the partner in the DiVerent
condition for which their pay-oV structure was identical to chimpanzees tested in the High-value Same
condition (Table 1).
diVerences in their refusals across Phases (TC D 18:0, N D 32, P D 0:584). This mirrors
theresponsesofthesubjectsintheHigh-valueSameconditionintheBaselinecomparedto
theTestPhase.
Exchange latencies
For each of the four conditions, there was no diVerence in the time it took chimpanzees to
exchange a token in the Baseline Phase compared to the Test Phase: DiVerent (Wilcoxon’s
signed-ranks test, TC D 343:0, N D 31, P D 0:063), Unavailable (TC D 210:0, N D 28,
P D 0:873),Low-valueSame(TC D 227:5,N D 30,P D 0:918),andtheHigh-valueSame
(TC D 203:5,N D 32,P D 0:383).IntheBaselinePhasetherewasnodiVerenceinthetime
ittookthemtoreturnthetokentotheexperimenteracrossthefourconditions(Friedman’s
test: X2.3/ D 1:978, N D 27, P D 0:577) however, there was a diVerence in the exchange
latenciesacrossconditionsintheTestPhase(X2.3/ D 10:333;N D 27;P D 0:016,Table2).
In the Test Phase, subjects returned the token more quickly in the High-value Same
condition – when both chimpanzees were given grapes for their exchanges – compared to
thoseconditionswhichcreatedeitherinequity(DiVerentcondition:TC D 113:0,N D 31,
P D 0:008)orindividualcontrast(Unavailablecondition:TC D 80:5,N D 28,P D 0:005).
There was, however, no diVerence between the subjects’ exchange latencies in the
High-valueSamecomparedtotheLow-valueSamecondition,whentheHolm-Bonferroni
correctionwasapplied(TC D 341:0,N D 30,P D 0:026,Table2).TherewasnodiVerence
in the time it took chimpanzees to return the tokens across all those conditions in which
the subjects had received the low-value celery pieces for every exchange, regardless of
what they, or their partner, had been previously oVered (i.e., comparing the DiVerent,
Unavailable,andLow-valueSameconditions:(X2.2/ D 3:63;N D 27;P D 0:163,Table2).
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 12/19Table 2 The average duration of exchanges. The average time it took chimpanzees to exchange tokens
with the experimenter in each of the four conditions across both the Baseline Phase and the Test Phase.
Across all conditions, in the Baseline Phase, the average latency for a chimpanzee to return a token was
2.55 s (range: 0.91–10.65 s) while in the Test Phase the average exchange latency was 2.41 s (range:
0.92–8.94).
Averageexchangelatency(range)/seconds
PhaseA PhaseB
DiVerent 2.34 (0.91–5.84) 2.72 (1.15–8.94)
Unavailable 2.68 (0.96–6.03) 2.43 (1.14–5.41)
Low-valueSame 2.69 (1.16–10.65) 2.51 (1.08–6.08)
High-valueSame 2.53 (0.92–4.79) 2.00 (0.92–4.79)
DISCUSSION
In the context of this experimental test, chimpanzees responded in a targeted manner
in order to obtain better quality food items. Importantly, the chimpanzees’ responses
appeared to be context-dependent; they only exchanged tokens through the picture frame
when they had the possibility of increasing their reward values. We note that, although
the chimpanzees had to determine whether to exchange a token through the picture
frame in the Test Phase, doing so did not require additional physical eVort. Therefore,
the chimpanzees’ context-speciﬁc responses are unlikely explained by the extra eVort
required, but rather because they only attempted to improve their rewards when there
was the option for them to do so (i.e., not in the High-value Same condition when they
already received the highest quality reward available). Furthermore, we found that the
chimpanzees participated more (i.e., they refused less) in those situations when they had
the opportunity to receive a better reward than when they did not (i.e., in the Test Phase
compared to the Baseline Phase). Overall, the chimpanzees’ responses appeared to be
primarilyinﬂuencedbythequalityoftherewardstheyreceived,andnotinrelationtotheir
partner’s rewards. However, the actions of their test partner did appear to inﬂuence the
subjects’ motivation to exchange tokens through the picture frame, most likely driven by
social facilitation (e.g., Hoppitt, Blackburn & Laland, 2007). We discuss the interplay of
theseindividualandsocialfactorsinturn.
In the present study, the chimpanzees were equally likely to use the individual control
provided by the picture frame whenever they received the less-preferred reward, irrespec-
tive of whether their partner received the same reward (Low-value Same condition) or a
betterone(DiVerentcondition).Itisnoteworthy,however,thatthechimpanzeeswerenot
simply trained to exchange tokens through the picture frame in the Test Phase, but rather
they responded in a targeted manner in order to better their rewards (when possible).
Speciﬁcally, in those conditions in which the chimpanzees received the more-preferred,
high-value reward, they were signiﬁcantly less likely to use the picture frame in the Test
Phase. The chimpanzees’ responses, both within a condition (when tested as the subject
versus as the partner in the DiVerent condition) and across conditions (Low-value Same
versus High-value Same, when tested as the subject), demonstrated that the chimpanzees
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 13/19werenotconditionedtousethepictureframewheneveritwasoVeredtothem.Rather,the
chimpanzeesdidsoselectivelyintheTestPhase,whentheyhadreceivedlow-valuerewards
intheBaselinePhase.
Intriguingly, when tested in the role of the partner in the DiVerent condition, despite
receiving high-value rewards (grapes) for their exchanges, chimpanzees used the picture
frame more often in the Test Phase than when they were tested as the subject in the
High-value Same condition (for which they also received grapes for their exchanges).
In neither circumstance would exchanging tokens through the picture frame in the Test
Phase have provided beneﬁt – they were already gaining the best reward possible for each
exchange. We propose that the partners’ responses may have been driven by response
facilitation,thealready-knownbehaviorofexchangingtokensthroughpictureframeswas
elicited after observing a conspeciﬁc performing the same act (see also Huber et al., 2009;
Bates & Byrne, 2010; Hopper et al., 2013). In the DiVerent condition, chimpanzees in the
role of the partner saw the subject they were tested with use the picture frame in the Test
Phase to improve the quality of their rewards. Observation of this may have caused the
partnertoalsomoreoftenexchangetokensthroughthepictureframe.
Ultimately, the chimpanzees were motivated to maximize their gains, regardless of how
theirrewardscomparedtothosereceivedbytheirpartner(i.e.,notinresponsetoinequity,
Brosnan et al., 2010) or to what rewards were available in the environment (i.e., not in
response to individual contrast, Br¨ auer, Call & Tomasello, 2009). However, we note that
in this study, in contrast to previous tests of inequity (e.g., Br¨ auer, Call & Tomasello, 2009;
Brosnan et al., 2010), the chimpanzees had the ability to alter the value of the rewards
they received in the Test Phase (in a typical test of inequity the subject’s responses do
not impact the rewards they are given). Even though the chimpanzees’ responses did
not reﬂect a behavioral response to inequity, their responses do reﬂect those reported
previously for this species in tests of prosocial behavior. For example, Jensen et al. (2006)
concluded from their test of chimpanzee altruism that “chimpanzees made their choices
based solely on personal gain” (p. 1013; see also Silk et al., 2005; Vonk et al., 2008, but see
Horner et al., 2011). Comparably, in our study, the chimpanzees’ responses indicated a
desire to receive the highest quality reward available, regardless of how it compared to
what their partner received; the chimpanzees were interested in their own rewards, not
those of others. Note, however, that in our test, and unlike that of Jensen et al. (2006),
the chimpanzees’ actions could not inﬂuence what their partner received, only what they
received themselves, so ours was not a test of prosocial behavior. That is, if the subject
wanted to equalize outcomes, they had to forsake their own better outcome, while a better
test of prosocial behavior would be whether the subject would take action to bring both
themselvesandtheirpartnerabetteroption(c.f.Horneretal.,2011).
The time it took for the chimpanzees to return tokens revealed that exchanging a token
through the picture frames took longer than exchanging tokens directly through the cage
mesh.IntheTestPhase,thechimpanzeesreturnedtokenstotheexperimentersigniﬁcantly
morequicklyintheHigh-valueSameconditioncomparedtotheUnavailableandDiVerent
conditions.Thisismostlikelybecause,intheHigh-valueSamecondition,thechimpanzees
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 14/19used the picture frame far less than in other conditions and so their responses were,
on average, quicker. We propose that an interesting ‘next step’ would be to investigate
whetherrequiringthesubjectstoexertanevengreatereVorttoincreasetheirrewardvalues
would elicit the same responses. In this way, we could ask whether individuals would still
attempt to improve their rewards if more eVort was required and to determine whether
their attempts to do so vary across conditions (for example, only when they experienced
inequitybutnotfrustration,orthereverse).
Inconclusion,althoughthechimpanzees’responsesdidnotappeartoreﬂectaresponse
to inequity, or individual contrast, they did change their responses according to the
experimental context. It has been proposed that captive chimpanzees, in such tests of
cognition, may suVer from learned helplessness and accept whatever quality of reward
is oVered to them by a human experimenter (Visalberghi & Anderson, 2008). Given this,
and the proposal that the learning ability of chimpanzees may be conservative, causing
them to become “stuck” using a particular behavioral response (e.g., Hrubesch, Preuschoft
& van Schaik, 2009; Marshall-Pescini & Whiten, 2008), it is promising that, in this study,
the chimpanzees varied their responses. That the chimpanzees were able to alter their
behavioral responses, depending on the condition, and in order to gain the highest
value rewards possible, provides further support to recent examples of chimpanzees’
ﬂexible learning (e.g., Manrique, V¨ olter & Call, 2013; Yamamoto, Humle & Tanaka, 2013).
Considering this study more broadly, we note that the simplicity of this design means that
it could be easily adapted for use with other species and this represents a novel starting
point for a comparative understanding of how animals respond to diVerential rewards
whengiventheopportunitytoalterthoseoutcomes.
ACKNOWLEDGEMENTS
We thank the colony manager and care staV at KCCMR for providing an excellent level
of care for the chimpanzees and for making this research possible. We are also grateful to
Michael Beran and Bonnie Perdue who provided thoughtful and constructive discussions
aboutourresearchandtoAndrewSteetsforhisexpertassistancewithRandggplot2.
ADDITIONAL INFORMATION AND DECLARATIONS
Funding
This research was supported by a General Small Grant awarded by the American Society
of Primatologists to LMH and by a NSF CAREER grant award to SFB (SES 0847351).
The chimpanzee colony is supported by NIH U42 (RR-15090). The funders had no role
in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 15/19Grant Disclosures
Thefollowinggrantinformationwasdisclosedbytheauthors:
AmericanSocietyofPrimatologistsGeneralSmallGrant.
NSFCAREERgrant:SES0847351.
NIHU42:RR-15090.
Competing Interests
SarahF.BrosnanisanAcademicEditorforPeerJ.Wehavenootherconﬂictsofinterests.
Author Contributions
 LydiaM.Hopperconceivedanddesignedtheexperiments,performedtheexperiments,
analyzedthedata,wrotethepaper.
 Susan P. Lambeth, Steven J. Schapiro and Sarah F. Brosnan conceived and designed the
experiments,wrotethepaper.
Animal Ethics
Thefollowinginformationwassuppliedrelatingtoethicalapprovals(i.e.,approvingbody
andanyreferencenumbers):
The facility where this research was conducted (UT MD Anderson) is fully accredited
by the Association for the Assessment and Accreditation of Laboratory Animal Care-
International.
Approval for this chimpanzeestudy was gained from the Institutional Animal Careand
UseCommittee(IACUCapprovalnumber:07-92-03887)ofUTMDAnderson.
REFERENCES
Alberts SC, Altmann J, Wilson ML. 1996. Mate guarding constrains foraging activity of male
baboons. Animal Behaviour 51:1269–1277 DOI 10.1006/anbe.1996.0131.
Bates LA, Byrne RW. 2009. Sex diVerences in the movement of free-ranging chimpanzees (Pan
troglodytes schweinfurthii): foraging and border checking. Behavioral Ecology & Sociobiology
64:247–255 DOI 10.1007/s00265-009-0841-3.
Bates LA, Byrne RW. 2010. Imitation: what animal imitation tells us about animal cognition.
WIREs Cognitive Science 1:685–695 DOI 10.1002/wcs.77.
Br¨ auer J, Call J, Tomasello M. 2009. Are apes inequity averse? New data on the token-exchange
paradigm. American Journal of Primatology 71:175–181 DOI 10.1002/ajp.20639.
Brosnan SF. 2011. A hypothesis of the co-evolution of cooperation and responses to inequity.
Frontiers in Decision Neuroscience 5:43 DOI 10.3389/fnins.2011.00043.
Brosnan SF. 2013. Justice and fairness related behaviors in non-human primates. Proceedings
of the National Academy of Sciences of the United States of America 110:10416–10423
DOI 10.1073/pnas.1301194110.
Brosnan SF, de Waal FBM. 2003. Monkeys reject unequal pay. Nature 425:297–299
DOI 10.1038/nature01963.
Brosnan SF, Talbot C, Ahlgren M, Lambeth SP, Schapiro SJ. 2010. Mechanisms underlying
responses to inequitable outcomes in chimpanzees, Pan troglodytes. Animal Behaviour
79:1229–1237 DOI 10.1016/j.anbehav.2010.02.019.
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 16/19Dindo M, de Waal FBM. 2007. Partner eVects on food consumption in brown capuchin monkeys.
American Journal of Primatology 69:448–456 DOI 10.1002/ajp.20362.
Friedan E, Cuello MI, Kacelnik A. 2009. Successive negative contrast in a bird: starlings’
behaviour after unpredictable negative changes in food quality. Animal Behaviour 77:857–865
DOI 10.1016/j.anbehav.2008.12.010.
Galef BG. 1996. Food selection: problems in understanding how we choose foods to eat.
Neuroscience & Biobehavioral Reviews 20:67–73 DOI 10.1016/0149-7634(95)00041-C.
Galef BG, Whiskin EE. 2008. ‘Conformity’ in Norway rats? Animal Behaviour 75:2035–2039
DOI 10.1016/j.anbehav.2007.11.012.
Holm S. 1979. A simple sequential rejective multiple test procedure. Scandinavian Journal of
Statistics 6:65–70.
Hopper LM, Holmes AN, Williams LE, Brosnan SF. 2013. Dissecting the mechanisms of squirrel
monkey (Saimiri boliviensis) social learning. PeerJ 1:e13 DOI 10.7717/peerj.13.
Hopper LM, Lambeth SP, Schapiro SJ, Whiten A. 2008. Observational learning in chimpanzees
and children studied through ‘ghost’ conditions. Proceedings of the Royal Society B: Biological
Sciences 275:835–840 DOI 10.1098/rspb.2007.1542.
Hopper LM, Schapiro SJ, Lambeth SP, Brosnan SF. 2011. Chimpanzees’ socially maintained
food preferences indicate both conservatism and conformity. Animal Behaviour 81:1195–1202
DOI 10.1016/j.anbehav.2011.03.002.
Hopper LM, Spiteri A, Lambeth SP, Schapiro SJ, Horner V, Whiten A. 2007. Experimental
studies of traditions and underlying transmission processes in chimpanzees. Animal Behaviour
73:1021–1032 DOI 10.1016/j.anbehav.2006.07.016.
Hoppitt W, Blackburn L, Laland KN. 2007. Response facilitation in the domestic fowl. Animal
Behaviour 73:229–238 DOI 10.1016/j.anbehav.2006.05.013.
Horner V, Carter JD, Suchak M, de Waal FBM. 2011. Spontaneous prosocial choice by
chimpanzees. Proceedings of the National Academy of Sciences of the United States of America
108:13847–13851 DOI 10.1073/pnas.1111088108.
Hrubesch C, Preuschoft S, van Schaik CP. 2009. Skill mastery inhibits adoption of observed
alternative solutions among chimpanzees (Pan troglodytes). Animal Cognition 12(2):209–216
DOI 10.1007/s10071-008-0183-y.
Huber L, Range F, Voelkl B, Szucsich A, Vir´ anyi Z, Mikl´ osi A. 2009. The evolution of
imitation: what do the capacities of non-human animals tell us about the mechanisms of
imitation. Philosophical Transactions of the Royal Society B: Biological Sciences 364:2299–2309
DOI 10.1098/rstb.2009.0060.
Jensen K, Hare B, Call J, Tomasello T. 2006. What’s in it for me? Self-regard precludes altruism
and spite in chimpanzees. Proceedings of the Royal Society B: Biological Sciences 273:1013–1021
DOI 10.1098/rspb.2005.3417.
Manrique HM, V¨ olter CJ, Call J. 2013. Repeated innovation in great apes. Animal Behaviour
85:195–202 DOI 10.1016/j.anbehav.2012.10.026.
Marshall-Pescini S, Whiten A. 2008. Chimpanzees (Pan troglodytes) and the question of
cumulative culture: an experimental approach. Animal Cognition 11:449–456
DOI 10.1007/s10071-007-0135-y.
Mitani JC, Call J, Kappeler PM, Palombit RA, Silk JB. 2012. The evolution of primate societies.
Chicago: The University of Chicago Press.
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 17/19Murray CM, Eberly EE, Pusey AE. 2006. Foraging strategies as a function of season and rank
among wild female chimpanzees (Pan troglodytes). Behavioral Ecology 17:1020–1028
DOI 10.1093/beheco/arl042.
Nishida T. 1968. The social group of wild chimpanzees in the Mahali mountains. Primates
9:167–224 DOI 10.1007/BF01730971.
Price SA, Brosnan SF. 2012. To each according to his need? Variability in the responses to inequity
in no-human primates. Social Justice Research 25:140–169 DOI 10.1007/s11211-012-0153-z.
R Core Team. 2012. R: A Language and Environment for Statistical Computing. R Foundation for
Statistical Computing, Austria. Available at http://www.R-project.org.
Remis MJ. 2002. Food preferences among captive western gorillas (Gorilla gorilla gorilla) and
chimpanzees (Pan troglodytes). International Journal of Primatology 23:231–249
DOI 10.1023/A:1013837426426.
Remis MJ. 2006. The role of taste in food selection by African apes: implications for niche
separation and overlap in tropical forests. Primates 47:56–64 DOI 10.1007/s10329-005-0145-9.
Reynolds GS. 1961. Behavioral contrast. Journal of the Experimental Analysis of Behavior 4:57–71
DOI 10.1901/jeab.1961.4-57.
Roma PG, Silberberg A, Ruggiero AM, Suomi SJ. 2006. Capuchin monkeys, inequity aversion,
and the frustration eVect. Journal of Comparative Psychology 120:67–73
DOI 10.1037/0735-7036.120.1.67.
Sherwin CM, Heyes CM, Nicol CJ. 2002. Social learning inﬂuences the preferences of domestic
hens for novel food. Animal Behaviour 63:933–942 DOI 10.1006/anbe.2002.2000.
Silk JB, Brosnan SF, Vonk J, Henrich J, Povinelli DJ, Lambeth S, Richardson AM, Mascaro J,
Schapiro S. 2005. Chimpanzees are indiVerent to the welfare of unrelated group members.
Nature 437:1357–1359 DOI 10.1038/nature04243.
Smuts BB, Cheney DL, Seyfarth RM, Wrangham RW, Struhsaker TT. 1987. Primate societies.
Chicago: The University of Chicago Press.
Talbot CF, Freeman HD, Williams LE, Brosnan SF. 2011. Squirrel monkeys’ response to
inequitable outcomes indicates a behavioural convergence within the primates. Biology Letters
7:680–682 DOI 10.1098/rsbl.2011.0211.
Tennie C, Call J, Tomasello M. 2012. Untrained chimpanzees (Pan troglodytes schweinfurthii) fail
to imitate novel actions. PLoS ONE 7:e41548 DOI 10.1371/journal.pone.0041548.
Tinklepaugh OL. 1928. An experimental study of representative factors in monkeys. Journal of
Comparative Psychology 8:197–236 DOI 10.1037/h0075798.
van de Waal E, Borgeaud C, Whiten A. 2013. Potent social learning and conformity shape a wild
primate’s foraging decisions. Science 340:483–485 DOI 10.1126/science.1232769.
van Wolkenten M, Brosnan SF, de Waal FMB. 2007. Inequity responses of monkeys modiﬁed
by eVort. Proceedings of the National Academy of Sciences of the United States of America
104:18854–18859 DOI 10.1073/pnas.0707182104.
Visalberghi E, Anderson J. 2008. Fair game for chimpanzees. Science 319:282–284
DOI 10.1126/science.319.5861.282b.
Vonk J, Brosnan SF, Silk JB, Henrich J, Schapiro S, Richardson AS, Lambeth S, Povinelli DJ.
2008. Chimpanzees do not take advantage of very low cost opportunities to deliver food to un-
related group members. Animal Behaviour 75:1757–1770 DOI 10.1016/j.anbehav.2007.09.036.
Wickham H. 2009. Ggplot2: elegant graphics for data analysis. New York: Springer.
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 18/19Wrangham RW, Conklin-Brittain N, Hunt KD. 1998. Dietary response of chimpanzees and
cercopithecines to seasonal variation in fruit abundance. I. Antifeedants. International Journal
of Primatology 19:949–970 DOI 10.1023/A:1020318102257.
Yamamoto S, Humle T, Tanaka M. 2013. Basis for cumulative cultural evolution in
chimpanzees: social learning of a more eYcient tool-use technique. PLoS ONE 8:e55768
DOI 10.1371/journal.pone.0055768.
Hopper et al. (2013), PeerJ, DOI 10.7717/peerj.165 19/19